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Abstract

This doctoral thesis describes the results of research on expanding the introduction of
renewable energy using submarine power cables. Renewable energy is being introduced and
expanded in Europe and other countries as a measure against climate change and as a cheaper
power source. One of the reasons for this is the construction of a power grid using submarine
power cables. Therefore, in this paper, after summarizing the current situation regarding the
introduction of renewable energy in Japan, it is examined the expansion of the introduction of

renewable energy using submarine power cables.

It consists of seven chapters, and the outlines of Chapters 2 to 6 are as follows.

Chapter 2 summarizes the achievements and trends in the submarine telecommunication
cable, which is already widely used in Japan. Then, by comparing to the submarine power cable,
it is found that similarity and difference points between submarine cables for telecommunication
and power.

Next, in Chapter 3, the catenary shape of submarine power cable for power vessel is examined.
As a result, it becomes possible to provide an index for the safety of a submarine power cable
against heave, pitch and surge of the power vessel.

Then, in Chapter 4, the cross-regional interconnectors among nine electric power areas in
Japan are examined with an introduction of renewable energy and pumped hydro energy storage.
It becomes possible to reduce the amount of curtailment for solar PV and increase profits based
on actual data in the Kyushu area and Chugoku area. Also, the correlation is checked between
solar PV generation and the implicit transmission rights for cross-regional interconnectors.

Furthermore, in Chapter 5, regarding the offshore wind power, which has finally begun to be
introduced in Japan, a proposal is made for base ports allocating based on the place and project
size and so on. It is also proposed to utilize the seasonal dependence of wind speed to enhance
the capacity factor for floating offshore wind power.

Finally, Chapter 6 explores the possibilities of interconnector. First, the concept of Japan
Power Highway is proposed. It is the submarine power cable network surrounding Japan. And
Asia Super Grid concept is introduced. Then a joint offshore wind power project is proposed by
Japan and South-Korea. Furthermore, the concept for Kyushu-Okinawa-Taiwan interconnector
is proposed. All these 4 proposals are analyzed its route, construction cost and investment

recovery.

The results of this research will greatly contribute to the expansion of the introduction of

renewable energy using submarine power cables.
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ggWh] Kansai Area on 18th July 2018
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Q%Wh] Chubu Area on 18th February 2018
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1) KEptseeE o i
O [EE ffikg B EHIEE (FIT) & FEFRE= A L ¥ — D AR O #Ef

2012 FEIC HAIC FIiT 288 A & LAk, FRICKBEEHREOEA B ML T3, 2010 4
FE2> 6 2017 FFFE E CICHARTRET 4L ¥ — O8N % [ 4-12 1R 34101 KRG E T8 IcBI L <.
2012 FEFEICIZ 7.3 GW IE X Zn s o 7208, 2017 4EFEIC 1 44.5 GW 18 hn L 72, “FHERMEE
KIFTRCOFEFREL AL X — T 22%, KECFHET4H4%L 25,

7,000
(million kW)

M Solar Feed in tariff scheme
Wind .
M Small/medium |

scale hydroelectrlc Average
Geothermal | annual growth
Biomass 5 2 2
: %
Average
annual growth E
% I l

6,000

2010 2011 2012 2013 2014 2015 2016 2017
(FY)
Source: Created by Agency for Natural Resources and Energy based on JPEA solar
batteries shipment statistics, NEDO wind power capacity/generation statistics, survey
for potential water power, current status and trends of geothermal power generation,
certified results of the RPS system/FIT.
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1. Curtailment of thermal plants and pumping of PHES

!

2. Supply to adjacent area using Cross-regional Interconnector

!

3. Curtailment of Biomass plants

)

4. Curtailment of Solar PV and Wind

)

5. Curtailment of Nuclear, Hydro and Geothermal
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HATIE, 9o0&E N ) 7 Q% B ) o3 HUBEE R R IC X o Tt S T 5, X4-15
. BEHT Y TOFREL ., 2019 4 5 A O & HIRFHCRAR O B 2 R 312, JhilE T Y
TR )T, BEET) 7 EUET Y TIIERMBEEEER CER I LTS, £, BT
Y7 e ) 7 oz, FEBERTAHEBEIN TS, 0 4)TIE, U ) 7 edhET
U 7 OHUSLER T H 2 BAPER MR ICE S E H T 5,

@ HIRERE R D L —

HuI EE R AR OB IR L T, 2018 4F 9 HE TILEEILL — L LK) OREZ T CTH
Bl 424 7Yy FRITH o7z, LA L, 2018 4 10 ALK, T CoERARE %1 CH|
TEMEA -7 v avichol, THhICK Y, FEEELL —VIC XY RifiZzBRAHE IS
el irolz, 72720, BATIHE L L, BEHOBERLZFTAE L T3 HERIL, &K 10
RN Z R T CE 25, Thick b, ERREELr—27 > a v ~OMERBITHEmEI NS,

D Expected demand of top 3 days in 2019 Hokkaido

——> Operation capacity in May 2019 (Weekday / Daytime)
E Frequency converter
E AC/DC Converter

1.93GW 1 3CW
Hokuriku
= 3. RQGW 5. 0GW
0.02GW _ : 83(
<, i i 2 1
’ " Chugoku MJW s w 032ch 14.65(;\\;
m 0sGW o G 0 3GW
]Iéy;l(s}h\;l{ o Kansai
- 1. 7GWT lz 2GW 26.4GW
) Chubu
T 24.9GW
Shikoku ‘
5.0GW 14 GW 2
< » s 1.2GW
] L]
1.4GW 0.6Gw 60Hz " < 50Hz
- 1.2GW
]
-

4-15 HutgfEE R RO 2% (Hi# : OCCTO)

37



3) $IKFEEEILY & R
O HRKEICH T 2 PHES 0EA S

HEEE D PHES 0B AR %X 4-16 1R 342, HARIZHA C 2 #FH I PHES ©E A&
%\>, PHES OB A&E2 10GW Z#z2 2 EiZHE - HA - RKE<TH Y, ThZih 32.0 GW -
283GW + 226 GW TH 2, TNOLDEITHE VT, A4V - A ZYT - AV F4Y -2
AR 75 Z25GW L ED PHES 0EAB#EE LT3,

@ HAICHT 3 PHES DR

HAIC B % PHES 0 A B O RV %X 4-17 1<773, PHES 2%, KA b EERR O [H
ERE R A T EAEHER A TD2OD LA THH %, PHES DB AL 1960 FERICIEE - 72,
PIHHE, EIEEE X 4 7O PHES OABNEA I Lz, £ Dk, 1990 FARA 1T DA I3 AT 28 5
XA TPEAIND LI ICIRo72,

2015 4EWE L C, BEEEE 2 4 70 BEEARIX 23.7 GW TH Y, & 28.5 GW D 83% %
BT 5, 2000 FERE2 S, FTLARBEINAZRBIFIAIEHEX A TDHRERY, 2015 4F
DRFEEARIZ48CGW TH 2, A[EHE L 4 TORA LFEIEZITH &, X 0 FiR7EH
AlRE L T2 B,

[GW]
35

30

25

20

15

10

S & o & S X 3 & i >
v b%@c i & F S ¥

4-16 R EIC I51F 5 PHES DA

]

38



[GW]  Fixed speed = Variable speed
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[GW] m Re-Operation  © Under inspection etc.  ® Decomissioning = PHES
20

18
16
14
12
10

[ R S N AN e ]

[GW]
14

12¥

10

Thermal

Electric power generation operation
in each source for a day (August 5%, 2004)

Geothermal

)

3 6 9 12 15 18 21 24 [h]
4-19 PHES D¢k 0@ /73 (it - SuEH)
40



4) Ehi%c X 5G]

T ZTliE, KBRFEEOH IR EBEICE I LT IUNZ Y TIconwT, 7—xIick
DWTHNZEITH. b, BAOREOHNHIHIbERI AL TH Y., EOFREICIZIZOED &
%53, EAR KO IH R I KRG FEE S EEIRIC S WAy, LI ORI KGR E %
DICAT

i A . KEEEFE o B El 2 1 ERER L CEME 1z 201945 H 2 H b
SHETLT 2, WY TOFMT — X2 IIIMEN» ORI NTHY, U= Y 7 LHE
TV 7 O o HusEE AR T H 2 BEFTE R OEN 7 — % OCCTO 26 2F & 11T\ 5 14260,
%2 LT, PHES o&FRIIHEE N2> LI TE YT 2Ky P igiiigiE JEPX 2062
ﬁén1w5ﬂm

ST A BRESIC T CiTH. £9. U=V 7oFTaT — 22 o HMHE2EH T %,
L SV ) 7 EHET Y T &R SHUREE R AR TS 2 BAFTER RO T — 2 2 5 ﬂ%ﬂ
REAREZHET 2, 20k, FE=Z ) 707 — %55 PHES OE{HA = & BHER % 0E 3
%, RIC, JEPX IC X 2 ARy P THEiE T — 2 #fHL <, BHLIAICODWTE D 5,
¥, ZOHECHETIEESICOVWTHRRS,

41



DO MY 7o 5 H I

201945 H2H226 8HECTCOMIMNZ ) TOFELMIEDO T v 2% KX 4-20 12T, K5
HSFEEOHNMENL, 2o 7 HRElOMFTXCoHTEMS iz, Kt EOHIAKE WH
i, EDOEIEMENL — VI > TRKIIREBEBOH I ZMHI L, 2 OHUEN O PHES @ kA4 I
TR Z ATV HIHEERAR OB OEAARIC X VR ) 7 ICEN 26T 5,

TNHDONFETH AT EZ L1l 2 556, KEEFE O I HIH 23R E o R i 5 T
Eignd, Loz erb, W) 7TOFH A7 v R0 TiE, BEOEMICERIE X
WEEZ5,

@ HugEERRORE

FUNZ Y 7 IEHAROWETICE L, BET 2 PET ) TICoAERIN TS, ZORHE,
HuIER R AR C B 2 BAPTHR AR O FE IR B 1, MU RELE R AR o [EEREIC N = U 7 o A H0E
MOLENMELY /NI LARET IRLEDLDH L, T DM, EMARIT2.8CGW TH 55, #HH
RERIFBDN2GWRE L 2> T3,

BARIITIE, 22RO I CHUSIELE R AR AME IR L 72354, FET ) 7B HARIZ, PUET
V7RI ) TR OEET A ) Trbh - b, — ., W) 7Tk, REIE
XY EEBSHEML, LEWERBZ 2 ) 7TR2ERPMEET S, 72770, AT, K
BHHRELORBLEZBNEINMZY) T2 OohET ) 7T~XET 22 L2 MELTEY . KB
HFEBIFIINT Y 7 O RREE LR % < 72 % O R BGHIEIBERE 2 i 2 T\ %,

2019 4£ 5 H 2 HA* 5 8 H ¥ T OHuIHHE R HR (BIFTE 241 0 F21i & 758 DRI % X 4-21
ISR, TR, BED KRB O H A NS Y 7 oEich s o & [F CHRTH 3,
WHHEIREmE NS &, EMRIGEEAED FIRE o3, ZXARENENC L 23455H
2, 2770, EREETH 2 28GW 2EEL-HAI. 32 IGWREORMEH 2,

42



[GW]

16 = Pumped-Hydro
1 4 _____________________________________________________________________________________________________________________________ (Generating)
== Wind
(Curtailed)
12 --| mSolar PV
_ , . , (Curtailed)
10 +== i £ i o A ' - W\ |=Wind
g ) : / w Solar PV
= Biomass
6
m Geothermal
4 “H
“Hydro
2 wo Thermal
0 o mmMuclear
B M . o e L wotdh. ol TR AN TR
(Pumping)
= Cross-regional
-4 Interconnector
6 Thu Fri Sat Sun Mon Tue Wed |=Deend
X 4-20 LMY 7D 201945 H2 H2 b 8 HICEB T 3HEMH[ AT v &
= Planned Flow ® Operation Capacity = Rated Capacity
3.0
2.8
2.5

Flow and Capacity [GW]
>

<
i

S
o

Thu Fri Sat Sun Mon Tue Wed

4-21 W= Y 7o HhET ) 7 o HugbhE 2R D
201945 H2H26 8 HB 32K &E Ll

43



® HE=Y 7icH1F % PHES O

HIET Y 70 PHES 10T, F4-21CF L 5, R - B - HTEFI D 3 0Dk
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5) SkoHE

FARHED IR IC 351 2 AR, FFEOHERERNE. (GEXEO HER R L, 2R~
EHEN L 20D B, LEBo>T, TOHLWERICET 2 MR EI N LA S, H
KCOFELRSIFHEO MBI LB A~TIT T, RROFEERET LitT 5 X&Th 2,
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E28 WRBcETIEELHE
1) iFLwic
© HH

201147 3 A 11 HICWHAKRRER AL L MEH T IR CHREA S 572, 2D
B HADES v 27 LD RE L OBZED GRS 11, 2012 40T I3 IE] 7 ffi 5 B I L (FiT:
Feed-in Tariff) 235iif X 172, Z Dt%. HRTOBARRET AV ¥ — DB AR L I L 72,
%w$7ﬂ“MSKIXwﬁ—%$%ﬁﬁﬁ%&ﬁéﬂ\%%Eﬂﬁﬁfﬁiﬂ%ljwf
— D FENEFAHAME IR~ SN TW 5

#ﬁ\ﬁﬁ%kénfméﬁiﬂ%i%»¥~@$ﬁﬁkimomfu\t%%%%ﬁ%o
GW (K 5-1)B1C 3 2 73, i F5E 1F 3.66 GW([X 5-2)521 Il £ - T Y o FE & g L <,
AN FEBEIRGAAEEL VI 21D, o0, FEREENFEEICEL I, EEHISE R
{7uY 27 FiEdbTH 204 MW THY, TSR TRTEFOEIN 7Y =227 FTH 3,

FE OB AR ORI, KR EOLE., HED 176 GW T d % <, KEH 62 GW T,
HAZ2356 GW Lo T, ZD%, FAY, AV F, 4207, AFXFVR A=A+ TY
T, 77VvA, ZLT, #WEIX 107 TT7IGW TH Y,

Be bB X OV ERIFEBO Aitcld. PEZPHRD % < 211GW, KEIX 97GW, FA4 Vit
60GW L7 oTWwb, ThiCA VY F, HEE, 79V R, 790, AFEakex. HAIX 1347
TH b, ¥ EEJIFEECIE, EED 8.0GW TR % <. KIiC M4 vV 6.4GW, HE7D 4.6GW
Lo Tn3,

@

PERRNFHBOEARAARTHEE R WERMHB D 1 23, iRz RUR ST 20—
BP0 b THD, ZTOXEFEL LT, ARIZHNE NEERAETRET A v ¥ —FeE a0 5
fifi 1< 1% 2 M O FIFH O fEAEIC B 3~ 2 5 2 KGR L 72, 2013 2019 £ 4 H 1 HICHifT 2 1u7e,
COEFICBRE L T, 2019 4 6 HIcEEESEE (METD & E 2884 (MLIT) i1, REX IO
HARTAvE, BEELZRBETIHD=aTAEER L, 2hickh, 5%% < OJAH
PHARDMICEREING LEZ LS,

27, EEOHMREADEVERI N TRy, [GERIEE HEESRT I N, HEH
@&%ﬁ%&&@SH)ﬂ#@%én#&bf% ZNo BT TTHEITT 5 R DL TED
FAEINhCoidiud, FEROREOEANIN T I2REREEICRE, ZDk, KIEHTIE
A7 &R FR L C, fBERBICHRE S na REEoE W A RGHREE L, . FELED
FeEBOBUE L FRER D O BB ARWELZE T 5, Z LT, ZOR/ICHERNEEL T L O,
FE LR FEEOEFEREA L HIET,
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2) AT L LR 0 BT
© HATH

HAR 7B JWPA) I X 3 & ERNFKEED R T v o ¥ Vi 91IGW TH b | 2030
FETIKZDORT Vv VO] 10% ZEAFHEE LTWw5, K 5-3 1k, 2030 iy B 5%
BOEEF 9.6GW, Z D 5 bEIKRAS 5.8GW, 1#4EX2 3.8GW icke b Z kR LTn5, FE
FEJIE 26.,6GW T, LRI & DEEHE 36.2GW & 7 5 B3,

2030 FFETOBE—F~y 7IConTiE, 2020 FEDEEHT 109 GW TH Y, 2D HH 10.2
GW (2B |, 600 MW (35K, 100 MW 37# AR CcH 5, F72. 2040 FFDAEHE 65.9GW
THH, 209 b 38GW 1xfE L. 15GW 1ZEIKRK. 12.9GW 1ZF AKX < d, w#FEIC, 2050 4F
DEEHT 75 GW, 38 GW 1kFE L. 19 GW 135K, 18 GW 3F#F KA TcF, 0B ARDO T
B2, HROBOFEED e — F~ v 7 Cld, 2050 F£F ClicfE LT oREDE2EAL, HIK
AR D DY hN— L, mEINOFRABHRE I N L L D,
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2 BREEESH
B ESI (EIA) #{ToCTwad 7ud =7 MCBL Cid, RIFEEEMETDIC L 3 L,
s o &3 4,820 MW & 72 354 [ 5 -4 13, B A & e FR ) F8E O BB R 2 5T

DR ZE RS, TOHFEIL 2018 8 AR b DT, At 17O Ty = 7 235 Y, 20
5 b 6 EDEBXKIH (R, 11 A —RIEE(E) L o T b, 72, EXIECTD 1 >0 7R
YVl be—HETcO3I o0 T 2/ PTHICTETLTWwS, BB, INbD TRV 7
I RCTEFO ey b7y b Th B,
7uY 7 FOMHENX, 2MW 225 1,000 MW £ T £ &ETH D, FRCHKHER-CHERE A
EOHALHTT DOYFE CTIIHE K & R B HM D B 2o e D K E OB TR R R A

® 1,000MW T&H 2, Hik
LOHMAICHETINATHD

R L C O BB ERTHiIN 13

. kg B RMEDE & 13BAfR R <. FEFIC

Legend Under N
EIA Existing

General Sea Area D D
rnaea ] [

Off-Happou Noshiro,
Akita 180MW

In-lIshikari port,
Hokkaido 104MW

100MW

In-Noshiro port, Akita

Off-Tsugaru, Aomori

(3 area, overlapped)

1,000MW / 500MW /
480MW

As of August 2018

Off-Yasuoka Shimonoseki,
| Yamaguchi 60MW
Off-Kitakyushu,
Fukuoka 2MW x 1
(End demo in 2016)
In-Kitakyushu port,
Fukuoka 220MW

Goto, Nagasaki
2MW x |
(End demo in 2015)

455MW

Off-North area, Akita

In-Akita port, Akita
70MW

o

In-Mutsu bay, Aomori
(2 area, overlapped)
§00MW / 80MW

Off-Yurihonjo, Akita
1,000MW

In-Mutsu Ogawara port,

Off-Fukushima, Fukushima

MW x 1/ 5SMW x 1

Aomori SOMW

(Under demo)

35 X[ Off-Enoshima, Nagasaki |*

240MW

Off-Choshi, Chiba
(End demo in 2016)

22MW

Off-Sakiyama, Nagasaki

M 5-4 ¥ EEJIFEED

/

BERTAR (i
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@ X
2019 4£ 7 A 30 H., #FEEE(METI) & [E 12584 (MLIT) 1337 <, B A ief] ik ic
HonT, SHOBERBOREEICH T CHERKIBERZ L 259, chnickz e, 11 o
TV TH, TBRC—EDHERBIEICHEA T A X & dh, £5-11CRT, 2hbpllox
V7095, 400 ) T [EEOMME ML EL ICBBT 2 HE R K] L S h,

k=

DR EIC X 2 A - MEHEOEZE D ICHIGT 52 L Loz,

Nox)7Tid, FRE3I V7, KHBR4 )7, FiBE 1) 7, TER1IZY T, K
2 =) 7o TEY, HARDATHEMRD 5 B 5 HEFRICEPL T 5, HREK

HiZ&H o R IcH Y |

1Moz ) 7oXnl ErEIbICER LT3,

HE RIS D 7 D DHgIC O nTiE, MO AE. FIERIGRE ORFE & %, Pitio#

}-E:
B~

KEMOMER, HPLEE L O L OBREFEHLD 5,

& 5-1 fRGERIS D F55E 1 17 1 T e XI5

Area Note

1| Sea of Japan offshore Aomori Prefecture (northern side of the prefecture) -

2| Sea of Japan offshore Aomori Prefecture (southern side of the prefecture) -

3| Mutsu Bay, Aomori Prefecture -

4| Sea area offshore Happo Town and Noshiro City, Akita Prefecture -

5| Sea area offshore Noshiro City, Mitane Town and Oga City, Akita Prefecture Promising

6 Sea area offshore Katagami City, Akita Prefecture -

7| Sea area offshore Yurihonjo City, Akita Prefecture (northern and southern sides of the prefecture) Promising

8| Sea area offshore Murakami City and Tainai City, Niigata Prefecture -

9| Sea area offshore Choshi City, Chiba Prefecture Promising
10| Sea area offshore Eno Island, Saikai City, Nagasaki Prefecture -
11| Sea area offshore Goto City, Nagasaki Prefecture Promising
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@ 7Fuvxs kOB

K5-50F 110 ) 7ickEWT, FHEFCIVHACED N TWE 7rY 27 DT
B, 2V RERBL I LD THS, 7L AV Y —REFEFRICL HERE LML
bEELDTHB, M5-5ICHnT, HFOMIEEAKEZRL, EEoMiZftioXigzmnR L
T3, MAOEMEITHHARZERL, Chid7uv 7 FoBETH 2,

AL TORRKD 70 Y =7 ME, TERSKFHD 1,000MW TH %, i<, FKHEH
AT 700MW & 720 T b, 20O OBIEEIL, 1 DDOBEFD K FEEMICHYL T 5, £ 7=,
455MW T & 3 KR DRERM 2 < o RIS, RIGERILETIE 22 MW 1272 225, Z i3t
DEKRKE 1FHR Y, FHRE LCRIHREIN TV L ICHET 2 0E LR H 5,

HLRHISLANCIZ, 22D 800MW 7o« 7 + AEHFBCEEHINT V3, T2, ¥iE
BEo500MW 7oy 7 b i3, BHMOHERABEI LTS, 2 LT, RIFRILEND 7o
Yz bTlk, HELEE L OBRICHELD B,

@ 45 ‘\i“

urm\.\ —_—

@

Bx

Promising
Area

Candidate
Area

X 5-5 RHEXDOIEE ~MT 72 AL X CE S N2 #EAE R (Google Map % FEIC/ERK)

— | DOMW
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3) ik
O Btk
Ve RE) FEE OMRE & 75 2 2510 1d. FERNRE OB O FHEMHICIT & & i b EHE
D, BEEEIZ 100km DINEDBEE LW EEZ LN D, T HIT, 50~100 ~27 X — LD ZA~L—Z
LRMETH L, AEHL - VvOFEEHRSTHLF RN, TL—F, 2V—F, #@EDOa VTS
EWEdBEL, 1 FHA— BVt v ORI 0E L b, T, Wikl
RBEHERX 2 D 2 & fEFCTH 5, SEPMAEIRT 24101k, HHREOKFED LEL 5,
—J. AR D EAERRE T AL ¥ —~DOBATECIRE O 2 EE L. AFZE Tl
%ﬁmtﬁam%iwaﬁkﬁ%*%%mﬁﬁ’ﬁﬁ¢5 LERIRET 5, BRI i@%ﬂ
FEAT(1971 48, i), K NFEEH (1972 4, i), BEfCK S FEEFT(1993 4F, K.
&ﬁkﬁ%*muwoﬁiaﬂ L OHINFEEN (1983 £, A 2% T 3,

@ KkIFEOHH

FRETREI N KN B OWRFE~ DI L <, KECTEBRICE LI K FE
i3 LRI RE OB EER ICIfi I T A HlRdH 5, vV Fa—tkyVMHOTLA Y
RA vV FRRKNDFEENOHIZRT, K5-6 ICEEDHRKNAKEENOEERRT, . X
5-7 13 X9 ic, FRENFEFD O DMFEES 7 — 7 Ao ERE R, AC/DC a v —X
—DHKE, BEME KGNREE, BPIOCEBE V2 =255, 2nbichi T, o dul
MZEHRRECH DA X — v ORI T Y 7, EEY—F, BLXOAVFTFVRF Yy 7 bdH
5[5'6]0
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5-6 HRXNFEEFTOFE(T LA v EA v ) (H# : WPO)

BATTERY STORAGE

| .t
ENERGY RELATED
MANUFACTURING

I =<

OFFSHORE WIND COMPONENTS

LAYDOWN AREA = SE & 0./ | || OFFSHOREMAINTENANCE

DOCK

OFFSHORE TURBINE FOUNDATIONS|

5-7 LRI FE WS HE~ RG] (i 0 WPO)
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@ 2030 FEA~[AF ATV 2 —

TN E CIRER X N XIS B4 2 1EHIc DWW T, 2030 AT 7ZEBART Y 2 —
ML T, FRCHREINZ S ODPWHHEEICOWTES-2IRTLICELDE, 2D L
26, 2030 FO REEARIE 9.5GW LY, JWPA 0o HFE L LTw 2 REEAED 9.6GW
i3, 1RITTHETE B EF 25,

kB, 0007 uY s bH) ORI 30MW/H & LTRE L, #EiHEHEIZE—
DIFEL LTEMLTWS 2021 FIfEEXIMOFHEENRIE I NS &, HFICFWAEDE
HRICHET )T TEEDONE, XHIC, B TICH 2EAHRIEAE T Ll ikico
WL, D Yo Y e 2 b ORI E TR Tw B 360 MW % 2030 £~ TR I B L L
Zo EHYIC, THODAFFOEARMAERIZ. Lo 9.5 GW L7 5,

R 5-2 L 2030 FFE~A) T 72 M FEEDOEART V2 —

Base Port, | Offshore Wind Area, Capacity

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
(Prefecture) (Prefecture) Status [MW]
Choshi, (Chiba)  EEIEIE 1,000
TBC, (Ibaraki 360 ]
1 Kashima, (Tbarak)
(Ibaraki) X
TBC, (Shizuoka) 360 e
TBC, (Shizuoka) 360 e
Yurihonjo, (Akita) [RZTSnII 700
Murakami and .
2 Akita, Tainai (Niigata) andid=ts 500
Akit:
(AK) | tagami, (Akita) (RO 500 [ .
TBC, (Niigata) 360) ]
Noshiro, Mitane
and Oga (Akita) Promising 455
Happo and S
; : andida ]
Noshiro (Akita) Candidate 180
Noshiro .
3 (Akita) TBC, (Akita) 360
TBC, (Aomori) 360 e
TBC, (Akita) 360 e
Goto, (Nagasaki) Promising 22 [
Saikai, (Nagasaki) [T 450 . ]
Matsuura.
N ]
4| Nagasakiy| TBC> (Fukuoka) 360
TBC, (Saga) 360 ]
TBC, (Fukuoka) 360 |
Aomori North, - [SGRTRIS 800 S I —
(Aomori)
Shiriuchi Mutsu Bay. .
5 (Hokkaido) (Aomori) Candidate 800
Acmori South, — RfCHNERS 480
(Aomori)
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4) BRELR T
@© HifEst
HIJHCIE, BHF D K FEEFT OWRE~ DI 2 2R L 7z, KNFEETOMAER &, HE
YA ] 5 Ky, M S DR RIFES LI L 7 5, )7, 8ETH F RS FEEN DI T
BanTsY, PIZITRRICE K OBt H 2B WREL 2 2 Li3RTICEZLbN D,
L7zh3oC, ARIETIE, BRI E LT, 2L L7256 L KT 5,
Hecd 2 IHH 13, K FEERT O AR & bt ) ORI E I LT, i~ DB Ofii
EH R L ARl DBk & 72 5,

@ A LBk

KIVFEEFT O fRAE KR CHLiT T RIFE D Z e hic 2w T, RFEFEEDOT — 261K
OE L2008 0 7 — 2 BSNCHE o TR 5-3 1R T, K FEFEIT O e o Hififii 1%, Ak 1 7T
1% 2,000 [fEFH/ GWI, fRKIIFEERTIZ 2,500 (£ GW]E &5, 2 LT, RS IZEZ
B 5%ICEESINTEH Y, Mt )OS BFEFEIT A 20[EM] & Lz, chX b, MEER

DEEHT 1,241 [{EM] & 4 5,

Tz, BINEWSE L LG A0BME & 2 AR 22 5-4 10733, @10E oMk
LD O X v, BN E 7 B HEULEHTEE 15[km/h] TR L 2, &k, HAHE
WO RS > OEH OftiEA ST 3[HIE LTw3, 2k b, FHS#EICN3 3 £/ D
AibBMBBE»EH S 2, 2 LT, RiE% 2,00007F/H] & 308 L 72865, BmmaiikEHx
237[EH] & & %,

IND 2O0DMERD S, BMESE LR 55ICE &0 5, MEBHOEZETICHNT 2H%
3[%] - 5[%] - 7[%]icE%E L. Ak 1,00007H/H] - 2,000[7FH/H] - 3,000 7 F/H i<
E L7z, % LT, FHEHARNIZ 2020 4£2> 5 2030 £ T 10 EEf & Lz, 2h X b, @i
DFXEMETH % 5[%] & 2,00007H/HloMAEDLEOSGAIT, BRAFESREFZ 191 A0, &
5 1.0 KO REL, HRTHUEBZHAR LRV, L L, MBEERR 7[%] & SEEIC
b . FAERS 1,00005 1/ H] LAREEIC 72 o 72 5 A0, BRMEIRE 13 0.70 & 72 b 1% HLS s
ELZHARRLS RS, BEXY, WSO ECIZIZD 2 00 B EET 20ELRH 5,
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* 5-3 BH7 D K1 FEEFT D A&

Base Port | Prefecture Type Capacity [GW] Demolition Cost [B JPY]
1| Kashima Ibaraki Oil 5.56 57.6
2 Akita Akita Oil 1.65 18.5
3| Noshiro Akita Coal 1.80 24.5
4| Matsuura Nagasaki Coal 1.00 14.5
5 Siriuchi Hokkaido 0Oil 0.70 9.0

Note) Demolition cost is 5[%] of construction cost and 2.0 [B JPY] is added as soil improvement.

* 5-4 fIfnE M

Base Port I:sl;nss:;s%gf Adigiorl;ﬂn((ilays Additional cost per year [B JPY]
1 Kashima 3,000 9 5.4
2 Akita 2,200 7 5.0
3 Noshiro 2,200 7 5.0
4| Matsuura 2,600 8 5.3
5 Siriuchi 500 2 2.9

Note 1) Cruising speed is set 15 [km/h].
Note 2) Chartering rate is 20 [M JPY/day].

Note 3) Normal round days from base port is set 3 [days].
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* 5-5 BRI

RS Chartering rate [M JPY/day]

o 25 -

% ?8) S _ Additional cost for 10 years

=

“ 9 S m

@) —

: g g 10 20 30

S £ A

PO 118.4 236.8 355.2
3 78.5 1.51 3.02 4.53
5 124.1 0.95 1.91 2.86
7 169.7 0.70 1.40 2.09

5 £&®

AKfficlx, FEIET 2 kNG ERORMICERZH T, HARDHF LENFEEZ 53 2 E o]
THLWREDRLE L EE £ L DTz,

9. HROKGHFE L R FEOTR 2 L & ik L, 2030 4 & 2050 421 J8) #8253
EDXHICEHAINS »xab~7z, KRic, BEDF LRI FE O BREZERH ORI i
AR IC X 37 BRI REOREXIBIC O OWTRFTOERZ L o, 2 biEllldh
270y FOBBELIE L, BEGMAEOMNEZIRE L 72, WrEOBAT 2 RS 2%
IS BEIETEDKNFEEFTOTMM 7 L IR 2 M L, 2 2 P 2 {2 Tk 2 RE L 7.
o, WriEE HREINICERET 2 26 B L T, Eﬁﬁﬁiﬁ/\*ﬁ%ﬁoﬁo

TN LY, HART2030 Ficmi CHERBNDFEEIPERICERING Z LBHFING,
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g3 BN RFE LRSFKE

B & i L CRBAE E N TR wHERICEWT, FERANFEBERKEICEAINS ICIT.
AR Z I L XS 2 008 HETH 5, 72, KFEICBEL TEBIN & L THAD
RRIIKEDRZBICEL b0 T, FHAVPBRHAINZ e84 k2 PHING, I HIC,
HADBILIEFEHRIEDBKE CGFTADH 5, £ 2T, IHERR 0 EE % B 0 FHIfKE 2 G L
TEMHFIAEZ X V&< T2 7 E 2R L7z, 2 ORGSR, REID S IR 4 K4
YIEBD 6KV PET DL AL 7,

B s A AL 2019 4F 4 H 1 HIChifT Sz 2 L icfbu, WX w XHARTH f#HiFN O
—fAHR T LR BEOAE A ED L b,

HA (3 FEHEC B 2 BERIERED 22km AT H/KEEDS 50m LIEE 23 L 2 A 03% K, #ik
KOBMHEEFHT 2 XKIEAL < md e A TFREIND, )y, BIICEEHKTESH 254, [
UG IC BT h Ao P EGEIC X O FR O RHAAEMET T2 8013 b 5, 22
T, Afa Tl I OFEKE 2 G L <. ARPE DR RERM 2 BB 2 C LI X 50
Mo ExBETd 5,

D) AKX oBIFRR
@ s )

LRSI FEEOEAHSIATT 2N Tld, KEFER 50m L&k &b HY, kT
27 K ERAD AN I N T 05, 2D X5 %, 2009 16 /vy o =TT A4
J =g X0 AR o R RE O FIERRSThI. 20, 2017 LRIy 7
v Fipc 6MW o il 5 #iC X % 51 30MW @ Hywind Scotland 3l % Bils L 7z (X 5-8) 159,
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25km cable to shore ™

4
2rhead I

7 o . ' ; ;
. ) / N ° Big Ben
@ ! o
| ° y ] )i 78m
= - @ : / Water depth
S A 95m-120m
1 Peterhead . = ]

|
Scotland
®
ot . Turbine Mooring line D I:I
cainburgh
@ Anchor Electrical line
llustration: Shematic diagram and map of Hywind Scotiand

5-8 Hywind Scotland 7w ¥ = 7 + (H#t : =27 4 7 —tth)

@ HBHX

RIFEAETHCR, FHEXRICX Y 2010 F205 2015 £F CONE T OBREEE DL
FEDOH, 2016 F 2> LIFFLFHC 2MW(1 1) 0i@#ER % FAta L 72 (K 5-9)15100, 7p 35 O IE
2019 4 12 H i@ E XIS HEE E L7z,

EEE Tk, RFEELORBEA - FHRXFELY 4 v V7 7 — LEFHFRSEE L LT,
AFLRPHERKESL DY) — T LT XD 2011 4E2 5 2018 4F £ CHIFNIE A {TH . 25MVA
FRRPELEER E 2MW-5MW-TMW DJRE 2 Z 2 i 13 OF%E & L7z (X 5-10) 1,

TR, Fre Ao ¥ — - FEERITHRAFFEEENEDO) IC X V| 2019 FEh b N —
e L CEANY O FEILEIR 231G X vTwv» 5 (K 5-11) 1512

HABUFIC & 2815 ED 2030 FF0EA @B LIk, PEELFEEEZEDETI0GW 21 TH
%, L2 L, BHRBEFEESTWPA) I, 0 HEER 36GW & L. 7 LRI 721 T 10GW,
205 biHEARE 3.8GW & LTWw3, Xbic, 2050 Fic AN FELAT 75GW & L. ¥
FEFI72 3T 38GW % D 9 btk % 18GW & LTH b (X 5-12)531 ¢ FE N FE MK
X9 2 AR OEIE % 2030 41T 10%FEEE, 2050 4E1C 25%FEE % (5o 2 HiEfEE L CTw 3,
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( 1 L
WIS 2 %
: il Ik\
ol Y AT
o (5Ll B 40 5 Okn)
X 5-9 BIRERETH 7oy =27 b (W 5
$18 (2011~2013) ' 28 (2014~2015)

FRYTIR7—v3ay VIO FEEYTER PRIV A 2IN—FE VFEEIYTER
2MW) (BMW) (TMW)

5-10 AR 7oy =27 b (Bl @EERE vy —2 T L)
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5-11 defuiididh e v = 7 + (i : NEDO)
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5-12 BN FEOEARD HIFEDHER (Hift : JWPA)
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2) HifeSM
O AR O Z KT

RAEXIBIEE DA A N 74 v X 3 & BAFITER 30% M b2 iR 3 5 %y ic P35 Jalk

Tm/s AL HZE B2, 22 C, Afacid, #HEX2RAT 52T iAo XY Ao R
L& B R 5 L RUE L. %8 L PR A 8m/s DT & B H o VR I F i
KD B Y o, FROPHEEED 8m/s & 282 ET 5,
FHURTE AR & W HARTEENIFK IR BER T i 2 X OGN EE L. FEUKIE DD 70 WK
AT RE T2 EFOLICRET 5, €7 MELT S0l & L <, NEDO o FERL
~ v 7'(NeoWins)5191%: & . 2 2 ot ofg H o P EuE % X 5-13 1IR3, HAREH O Z
Fitktr ol % [ 5 L ER O EE L 8m/s TH Y, XFEOHEN T 11m/s £ 725~ TEZE
IZ 6m/s ~EHiAL, Zndk, TNZNOEATIIHIE ECldX 5-14 DY TH 5,

Aot %z, FEHKESECEE & FEEFE T IO 2 ZEi#cie 5 & RGE L FHA1E
23 8m/s(FRAME 11.9m/s - fx/IME 6.0m/s) & L7284 %K 5-15 1”3, X, 3H»H 9
HIEFHIKAES GG, 10 A2 5 2 HIEFHIRED S 2 5T cREEITV. A%
o EEX 5,

@ JAHEOHERE(T —H—7)

VT AE 3B F6 78 350 O BB R B A A TH Y, 8~12MW ¢ 2> TE T3, %I T,
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CONDUCTOR
Aluminum or copper

CONDUCTOR SCREEN
Semi-conductive layer

INSULATION
Cross linked HVDC polymer
or MASS impregnated paper

INSULATION SCREEN
Semi-conductive layer

CONDUCTIVE TAPE

METAL SHEATH

INNER SHEATH
Polyethylene

SINGLE ROUND WIRES OR
DOUBLE FLAT WIRES ARMOR

OUTER COVERING
Polypropylene yarn

6-4 XLPE 7 — 7 v ofl(HE) (HHL : ENTSO-E)

¥, =TI NBEM LT — TN 2 ETCH LT v a b, T TR
HEEEFR T L, Bhor—7 i 2 Bh2AEELCVE, 20T vy at—
% HEEICHLE L (VLS: Vertical Laying System), 7 ¥ ¥ a > —2 0 H~» 1 CENT7— 7V
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TVGEERPIER 22 O nE HICT 2 2 e HRAREE kb, —fHlE LT, BEXihC VLS %
BHLZEEEZX 6-6 1RO Ak Tvyatr—ik, ENT—7VOFEMELT T
FLRINER S D, HICORIPBETH 5,
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and operate Hub-and-Spoke projects,
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+'s P2X conversion
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1 H2 connection

. End User

6-20 North Sea Wind Power Hub Programme (H# : NSWPH)
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Figure 14.16 = Capital costs of offshore wind projects excluding fransmission,
historical and projects in development

§ Project size:
s ) 350 MW
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Continued industry learning propels offshore wind down the cost curve, and cost reductions
can be enhanced through policy frameworks that support a healthy project pipeline

Note: Capital costs refer to the year of commissioning.
Sources: IEA analysis based on 1JGlobal (2019), BNEF (2019) and company reports.
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| Changsheng Power Yighe Power Plant
| L ] Guoguang Power
Lungmen Power Plant
. (2] ] Datan Power Plant (Asset under maintenanca]
|

- Dongbu Power Plant
" Hoping Power

Dongbu Power Plant,
Longjian Branch Plant

— Wanda Power Plant

Taingn Salt Fleld Solar Power

[Under review!
Xingda Power Plant
Nanbu Power Plant -
Dalin Power Piant
() Installed capacity over OMW () Thermal © Wwind & EHV transformer station
© Installed capacity under SOMW ) Nuclear © Solar & Primary substation
© Hydro © oceothermal — 345 kV Transmission lines
© Pumped hydro O rr — 161KV Transmission lines
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History of Net Power Generated and Purchased by Energy Type
Unit : TWh

250
232
200
150

100

50

1960 1980 2000 2019

Net Power Generated and Purchased in 2019

I Renewable 6.0 %
M P.S. Hydro 14%
W Cogeneration 18%

o Oil 1.9%
W Gas 38.2 %
M Coal 373%
 Nuclear 134%

Note : Hover over the area chart to switch the year of the pie chart

X 6-41 BETY Tick ) 3 BFEMROHES (B BEEN)

Power Supply and Demand Forecast for the Next Seven Days (updated: : 109/05/06)

05708 05/10 D 05712 05/14
{Friday) (Saturday) (Sunday) (Mc y) (Tuesday) (Wed ay) (Thursday)

Net Peaking
Capabiiit_y(vaw 3664 3353 3216 3635 3627 3642 3651
Peak Load
A0MW) 3300 2980 2900 3240 3270 3290 3300
Operating

Resol oMW 364 373 316 395 357 352 351
Percent

Operating

Reserve (%)

Light of Percent

Operating

Reserve

. 210%: Supply 10%~6%: . <6%: <S0ONTW: . <=500MW:

Adequate Supply Tight Emergency Emergency Emergency
Stage 1 Stage 2 Stage 3

X 6-42 BETY 7B T 3E/RTH (B : 55EH)
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